Abstract. Primary progressive aphasia (PPA) corresponds to the gradual degeneration of language which can occur as nonfluent/agrammatic PPA, semantic variant PPA or logopenic variant PPA. We describe the clinical evolution of a patient with PPA presenting jargon aphasia as a late feature. At the onset of the disease (ten years ago) the patient showed anomia and executive deficits, followed later on by phonemic paraphasias and neologisms, deficits in verbal short-term memory, naming, verbal and semantic fluency. At recent follow-up the patient developed an unintelligible jargon with both semantic and neologistic errors, as well as with severe deficit of comprehension which precluded any further neuropsychological assessment. Compared to healthy controls, FDG-PET showed a hypometabolism in the left angular and middle temporal gyri, precuneus, caudate, posterior cingulate, middle frontal gyrus, and bilaterally in the superior temporal and inferior frontal gyri. The clinical and neuroimaging profile seems to support the hypothesis that the patient developed a late feature of logopenic variant PPA characterized by jargonaphasia and associated with superior temporal and parietal dysfunction.
Introduction
Progressive language disorders without generalized dementia are defined primary progressive aphasia (PPA) [1] . PPA is usually associated with the degeneration of the language dominant network and the dys-functional pattern shown with neuroimaging includes mainly left fronto-temporal and parietal regions [2] .
Patients with PPA are commonly classified as having nonfluent or fluent speech production. Nonfluent speech output or nonfluent/agrammatic PPA may include or not apraxia of speech, while fluent output corresponds to semantic variant PPA or logopenic variant PPA [3] . The nonfluent/agrammatic PPA clinical picture corresponds to a deficit mainly in left frontal and insular regions. Semantic variant PPA presents with fluent grammatically correct speech, single words comprehension deficit and difficulty in objects meaning recognition, caused by atrophy in bilateral anterior temporal regions. Logopenic variant PPA shows phonemic paraphasia, word-finding hesitation, slow speech and decreased verbal output with long word-finding pauses and preserved grammar and articulation, corresponding to left posterior temporal and parietal lobules degeneration. The inferior parietal lobule would be the site for phonological store portion of the phonological loop [4, 5] .
Patients with permanent and spontaneous jargon language appear to be more common in acute neurological disorders involving critical language networks, in particular Wernicke's aphasia, than in neurodegenerative disease. There are two case reports of jargonagraphia, a condition often, but not invariably, associated with jargonaphasia. LEA was a patient with severely reduced speech production and defective articulation, affected by what seems to be a severe, rapidly progressive form of fronto-temporal degeneration [6] , who produced fluent, neologistic writte jargon. FM, a patient described by the Cambridge group in at least seven papers, appears to be a case of the semantic variant of PPA. He never developed a spoken jargon. After 7 years of follow up he produced fluent, "empty" speech with perseveration of a set of "general" words (special, set, etc.). In contrast, his written production was fluent, replete of written neologisms that followed the graphotactic rules of English [7] . Two patients with fluent jargonaphasia were present among the pathological series reported by Deramecourt and colleagues [8] . Both showed left temporo-parietal hypoperfusion on SPECT, and had a pathological diagnosis of Alzheimer's disease. Two detailed case reports of neologistic jargon in PPA have been published by Rohrer and colleagues [9] . The first case presented with word-finding difficulties, which progressed to neologistic jargonaphasia associated with semantic impairment. The imaging data were atypical for the semantic variant of PPA, as they showed progressive atrophy of the temporal lobes, without an anterior-posterior gradient, and of the parietal cortex. The second presented with non-fluent, agrammatic production, but in the next year started to produce profuse neologisms in speaking and reading. Auditory comprehension also deteriorated. Imaging finding revealed progressive perisylvian atrophy, with severe involvement of the inferior parietal lobule.
The present single case study aimed to describe the clinical evolution of a similar patient who developed neologistic jargon in the course of PPA, reporting both cognitive and neuroimaging correlates of this unusual clinical picture.
Case study
The patient is a 68-year-old right handed woman with 18 years of education, teacher of Italian literature, who, ten years ago, came to our observation for language impairment.
At the onset of the disease in 2001, the patient showed word-finding difficulties with prolonged anomic pauses. In addition, neuropsychological testing disclosed mild executive dysfunction, whereas, language comprehension, syntax, semantic, memory, praxic and visuo-perceptual abilities were in the normal range (see Table 1 ).
CT scan revealed mild frontal atrophy. Tc-HMPAO SPECT disclosed a reduced regional cerebral blood flow (rCBF) in right inferior frontal areas and in left temporo-parietal and occipital regions.
Cognitive follow-ups showed a worsening of linguistic abilities, due to the progressive occurrence of phonemic paraphasias and appearance of neologisms. Deficits in repetition, objects naming, verbal short-term memory, verbal learning, selective attention, phonemic and semantic fluencies were also observed. She had a stressful response to illness, with depressive symptoms and apathy, caused by a complete insight of disease.
After January 2004, due to the lack of family compliance, the patient's follow-up was interrupted. We have no additional clinical data until 2008. At this time, a neuropsychological assessment, cerebral MRI, 18 F-FDG PET, cerebrospinal fluid (CSF) analysis and APOE genotype survey were carried out. The cognitive assessment showed a severe impairment of speech production and repetition, characterized by a fluent but totally unintelligible language. Verbal comprehension, reading and writing were completely lost, while prosody and communicative gestures continued to be relatively appropriate to the context. The severe language impairment prevented any further neuropsychological assessment. Along with the language impairment, the patient developed a loss in daily functions (sparing eating and body movement), while depression and apathy were no longer present. The neurological examination was unremarkable. She developed stereotyped behaviour with the tendency to compulsive wandering and hoarding (pathological collection of objects, such as leaves or stones). Emotional response to both unpleasant (see images of dead at the television) and pleasant (see a baby) stimuli was preserved.
Some examples of her speech in different conversational situations are reported below. During the clinical interview she spontaneously manifested a jargon existent Italian words). The language was totally unintelligible, with fluent jargon characterised by mainly non-existing words and real words put together in meaningless sequences as a mixed jargon [9, 10] . The three-dimensional MRI showed an increased atrophy in the left temporo-parietal lobe, in the absence of vascular lesions.
A t-test comparison between the 18 F-FDG PET of the patient and those of a group of ten healthy controls (mean age 68.36, SD 8.59; mean education 9.55, SD 4.48) was computed using SPM5. Education was entered as covariate variable in the analysis. Areas of significant hypo-metabolism were found mainly in the left hemisphere in the angular (BA 39) and middle temporal (BA 21) gyri, precuneus (BA 7), posterior cingulate (BA 31), middle frontal gyrus (BA 6), caudate, and bilaterally in the superior temporal (BA 22) and inferior frontal (BA 44) gyri, (p < 0.001), (see Table 2 and Fig. 1 ).
The CSF analysis revealed a significant decrease of ß-amyloid (203, cut off > 600 pg/mL), a slight increase of total Tau protein (394, cut off < 300 pg/mL) and normal value of phosphorylated Tau (value 42, cut off < 60 pg/mL). APOE genotype was ε3/ε3.
Discussion
The language disorder profile of the patient at onset was characterised by anomic pauses, and progressed within ten years into a severe form of fluent, unintelligible speech including a severe deficit in repetition, corresponding to the characteristics of mixed, semantic and neologistic jargonaphasia, associated with severe comprehension deficits. The recent 18 F-FDG PET exam showed a significant hypo-metabolism in the same regions evidenced by at onset SPECT scan, but with an increase in damage extension in left fronto-temporoparietal regions, extending also to the controlateral superior temporal and inferior frontal cortex (BA 44 and BA 22, respectively Broca's and Wernicke's areas).
From the neurolinguistic standpoint, the cause of jargon is a matter of debate. It is often considered as a consequence of defective monitoring of language production, due to defective auditory comprehension, associated with a severe impairment of phonological encoding [11] . Neologisms may be the production of a phonological sequence generator to fill "gaps" in lexical retrieval [12, 13] . In vascular aphasia, jargon is typically observed in the context of Wernicke's aphasia, associated with damage in the posterior-superior temporal cortex. The results of some neuropathological studies, as well as of neuroimaging investigations, suggest that extension of damage towards the temporal and parietal cortex is responsible for jargon occurrence. More specifically, parietal vs. temporal exten-sion may be associated with, respectively, semantic and neologistic jargon [14] .
The prominent involvement of the temporo-parietal region observed in our patient, as well as in the cases reported by Demeracourt [8] and Rohrer [9] , are in agreement with the data from vascular aphasia.
Why is progressive jargonaphasia rare, and how is it related to the three main clinical varieties of PPA? A prominent involvement of the left temporo-parietal regions is typical of the logopenic/phonological variety, which is often due to Alzheimer's disease. Jargonaphasia may thus represent a relatively unusual evolution of this syndrome. The evolution may be late, such as in the present case, or relatively early, as in Rohrer's case 1. The possibility that the responsible pathology may be AD is strengthened by the observation of the low CSF ß-amyloid level and high level of total Tau found in our patient. The patient was not ε4 carrier, and this is consistent with the atypical forms of AD [15] .
The present clinical observation provides further evidence for the heterogeneity of clinical presentations of PPA, which reflects underlying differences in the topographical pattern of pathological involvement. This variability may be particularly extensive in the case of the logopenic/phonological variant, frequently associated with atypical patterns of AD neuropathology.
